For years, it is an actuality in the poultry processing industry, that the body and the cardiovascular system of the chickens are not strong enough due to the shortened rearing time. This induces, that the quality of the chicken breast is not appropriate for selling, since during the processing procedure, frequently blood spots appear inside the meat. These damaged parts need to be removed, causing huge economic loss. In this paper a solution for this problem is searched using hawthorn, a traditional herb, with well-known beneficial effects to the cardiovascular system. Improvement of the product quality and the reducing amount of the removed meat are supposed by applying a treatment with a polyphenol-rich drinking tincture made from the plant. Beside the preparation of the drinking liquid, including pretreatment, extraction and dilution steps, chemical analysis of the phenolic compounds is also conducted. The
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Introduction
Hawthorn (Crataegus sp.) is a traditional herb -also native in Hungary -with well-known positive effects to the cardiovascular system [1] . The herb has been used commonly to prevent and treat chronic cardiovascular diseases, such as congestive heart failure, high blood pressure, hyperlipidemia, cardiac arrhythmia [2, 3] . The presence of hawthorn products as nutriments (jams, juices, preserved fruits) shows the diverse utilization of the plant [4] . Besides human consumption several products are offered for animals, for example for elderly dogs or racing horses [5] . The pharmacological effects are attributed to the polyphenolic content of the herb [6, 7] . Phenolic acids, flavonoids, procyanidin oligomers and anthocyanins have been observed in the berries, flowers and leaves of the plant [8, 9] . It has been reported, that the herb has the ability to increase the integrity of the blood vessel wall and improve the flow in the coronary blood [10] .
We propose that the beneficial cardiovascular effect of the polar hawthorn extracts can also be utilized in an unusual field. In the poultry processing industry due to the shortened rearing time the bodies of the animals are not strong enough. According to the Animal Welfare Law, chickens are slaughtered after electrical stunning [11, 12] . Due to the electric shock the not fully-fledged capillaries snap off in the chicken breast and blood spots appear inside the meat. These spots have to be removed necessarily before selling due to the need of the market. The value of the produced "cut off meat" is low compared to the most valuable part, the chicken breast fillet (average prices in 2015: 405 HUF/kg vs. 845 HUF/kg). On the basis of the beneficial effect of plant to the cardiovascular system, it is supposed, that using hawthorn extracts as nutritional supplement, the integrity of the blood vessels of the chickens might be increased, therefore the extent of the blood spots inside the meat can be decreased.
Bioactive compounds of a herb might be extracted by various methods and solvents [5] . The targeted compound families are polar, thus polar solvents (water and ethanol, as well as well mixtures) are good candidates especially because they are GRAS (generally regarded as safe) solvents as well. Hawthorn berries on the other hand contain significant amount of non-polar components as well, including fatty acids, di-and triacylglycerols and -(lyso) phosphatidylcholines, which easily lead to formation of emulsion and foaming during a polar extraction [13, 14] .
Supercritical CO 2 extraction is typically applied to obtain non-polar components, oils and waxes from various matrices [15] [16] [17] . We used scCO 2 extraction as pretreatment to reduce the amount of oily and fatty components and thus reduce the formation of emulsion and foaming in the hydroalcoholic extraction step.
Our aim is to show the benefits of feeding chickens with a tincture containing hawthorn extract in a sensitive period of one week in their 6 weeks long development. The analysis of the polar extracts, namely the determination of the total polyphenol, tannin, flavonoid content, the antioxidant efficiency and identification of the main phenolic compounds are also presented. 
Preparation of the drinking tincture 2.2.1 Pretreatment of the plant
The berries were grinded first using sieve diameter of 2 mm and then 1 mm (average particle size: 0.74 ± 0.004 mm, uniformity of the particles: 1.990 ± 0.084, based on particle size analysis carried out in triplicate.) (Cutting Mill pulverisette 15).
Pilot scale supercritical CO 2 extraction
The grinded berries were processed in two portions. Approximately 1.5 kg of the powder were extracted once at 45 MPa and 50 °C. The separators were operating at 4 and 2 MPa, 40 °C. All extracts were collected from the first separator. The schematic flow diagram of the apparatus and the detailed description of the process were presented elsewhere [18, 19] . The yield was calculated in percentage of g dry extract / 100 g dry plant. The residue of the berries was utilized in further extraction steps.
The extraction was carried out according to the following program:
• 3 times 26 minutes using 3 times 3 kg of CO 2 • 3 times 34 minutes using 3 times 4 kg of CO 2 • the system was kept under pressure for 1 hour for equilibration • 2 times 34 minutes with 2 times 4 kg of CO 2 • depressurization of the apparatus.
Pilot scale Soxhlet extraction
Pilot scale Soxhlet extraction with 96 % ethanol was performed in order to prepare a polar extract ( Fig. 1 ). Ethanol was selected to reduce the thermal degradation of the active components during the evaporation of the extraction solvent. The supercritical fluid extraction residue of the berries was processed in three portions. Approximately 1 kg of pretreated material was moistened with the extraction solvent and placed into the extractor. The solvent tank was also filled with ethanol, totally 4.5 litre was used. The extractor was operated at approximately 50 °C. The process was running until the amount of the extract (taken from the flow after the extractor and measured after evaporation) was not decreasing permanently (approximately 6 hours). Finally, CO 2 was flushed through the apparatus to evaporate as much solvent as possible. More detailed description of the process was published earlier [20] . The extraction was performed in three batches.
Chemical analysis 2.3.1 Total polyphenol content
The total phenolic content of the drinking liquid was measured using Folin-Ciocalteu reagent according to the Hungarian pharmacopoeia [21] . 40 mg of the dry sample extract was dissolved in 20 ml ethanol (96 %) using ultrasonic bath. Calibration was made using pyrogallol, as reference. The polyphenol content was calculated in g pyrogallol equivalent / 100 g extract.
Total tannin content
The total tannin content was also determined according to the Hungarian pharmacopoeia [21] . The measurement is based on the fact, that hide powder is able to adsorb tannins. The hide powder and the dissolved extract were mixed for 1 hour using ultrasonic bath, and after filtration the non-adsorbed phenolics can be determined. The tannin content can be calculated from the difference between the total and the non-adsorbed phenolic content. The same sample concentration was used in case of determination of the total and the non-adsorbed content. The tannin content was calculated in g pyrogallol equivalent / 100 g extract, as well.
Total flavonoid content
Total flavonoid content was measured based on the principle that flavonoids form yellow complexes with aluminium, with an absorbance maximum at 430 nm [22] . 40 mg of dry extract was dissolved in 20 ml ethanol (96 %) using ultrasonic bath. 0.5 ml sample solution, 1 ml AlCl 3 solution (20 g/l, dissolved in methanol) and 1.5 ml ethanol (96 %) were added and homogenised in a light protected cuvette. After 15 minutes the absorbance was measured. As blank a mixture of 0.5 ml sample solution and 2.5 ml ethanol was used: the obtained absorbance value was subtracted from the absorbance of the mixture containing the sample solution. Calibration curve was obtained using ethanolic solution of quercetin. Total flavonoid content was calculated in g quercetin equivalent / 100 g extract.
Antioxidant capacity
The antioxidant efficiency of the hawthorn extract was determined using DPPH (1,1-diphenyl-2-picrylhydrazyl) method, by comparing 50 % inhibition value (IC 50 ) for the DPPH radical. IC 50 is the concentration of the sample solution, when the absorbance of the sample-reagent mixture (A 1 ) is the half of the absorbance of the pure reagent (A 0 ). First 20 mg of DPPH was dissolved in 50 ml methanol and was diluted until the absorbance of the reagent solution was in the interval 0.700-0.850. For the stock sample 10 mg extract was dissolved in 20 ml methanol. A dilution serial was made in light protected cuvettes using DPPH solution and sample solution. The mixtures were homogenised, and the absorbance of each was measured after exactly 30 minutes using methanol as blank. Quadratic polynomial was fitted to the obtained absorbance -concentration data, and the IC 50 values were determined (Eq. (1)). Butylatedhydroxytoluene dissolved in methanol was used as reference
Identification of phenolic compounds by UPLC / QTOF-MS analysis
The extract obtained from pilot-scale Soxhlet extraction was dissolved in 50 % methanol-water. Waters ACQUITY UPLC system coupled to a Waters Xevo QTOF-MS (Waters MS Technologies, Manchester, UK) was used to analyse phenolic compounds. The UPLC instrument was equipped with a binary pump, an auto-sampler, and a column temperature controller. Waters UHPLC Acquity HSS T3 column (pore size 100Å, particle size 1.8 µm, ID 2.1 mm) was used at The mass spectrometer was scanning from 80 to 1200 m/z, the cone voltage was set to 35 V and the capillary voltage to 2.5 and 3.0 kV for negative ESI mode. The desolvation gas flow rate was 800 L/h at a temperature of 550 °C and the cone gas flow rate was 40 L/h. The source temperature was 120 °C. MSe was performed with collision energy ramped from 15 to 50 eV. MassLynx 4.1 (Waters MS Technologies) was used to control the system and acquire the data. The method for the analysis was developed and the investigation was performed in Green Technology Group of Lund University, Sweden.
Drinking test
The drinking test was performed in September 2016 at the poultry farm of Hegyháti Broiler Kft., Hegyhátsál, Hungary. Totally more than 90000 broiler chickens (approx. 2350 g expected weight at 39 th day) were settled in August 2016. 100 of them were randomly chosen and separated from the stock, as an experimental group at age of 32 days. All chickens were reared in the same way: the same forage and feed were used. Regarding the rearing the only difference was the drinking the tincture containing the hawthorn extract. From the 32 nd lifeday of the chickens for one week the experimental group drank the hawthorn tincture (final concentration of the drinking tincture: approx. 3.75 g/L dry extract content, approx. 7.37 g/L ethanol content).
The tincture was prepared from the concentrate obtained with the pilot scale Soxhlet extraction. The preheated concentrate (approx. 2.1 liter, containing ethanol (737.3 g/L) and dry extract (374.5 g/L)) was dissolved in tap water, getting 21 liter solution (ethanol content: 73.7 g/L, dry extract content: 37.5 g/L). During the dilution, two aspects were considered: complete dissolution of the concentrate and minor ethanol content in the final product. LUPRO-CID, (0.098 v/v%), generally used disinfective in poultry industry, was also added to the solution. The water of the control group contained the same concentration of the disinfectant. During the dissolution of the extract a flocculent precipitate formed, which was non-filterable due to the clogging of the filter paper. Therefore, the two-phase solution was centrifuged (1500 1/min, 5 min) and the pure supernatant was separated with a relatively low amount of loss. This product was diluted 10 times volume for the chickens in the poultry farm.
The slaughtering was performed at the 40 th lifeday. At the end of the rearing the chickens from the experimental group were collected separately. As a control group, 100 chickens were randomly chosen from the nontreated stock. Each step of the poultry processing was conducted the same way in case of the two groups, as well. The chickens were stunned using electrical water bath (parameters of shocking: 140 mA, 399 Hz) before slaughtering. The extent of the blood spots in the chicken breast -appearing during the procession -was compared visually and on the basis of the quantity of the removed low value meat between the treated and the control group. The observed differences were confirmed with statistical tests.
Results and discussion 3.1 Preparation of hawthorn berry extracts and drinking tincture
The air-dried and grinded berries were processed in three steps to get a tincture, used in a drinking experiment for chickens. Supercritical fluid extraction with CO 2 was carried out to reduce the amount of oily components in the berries. With this pretreatment, the formation of emulsion can be decreased during further extraction step with polar solvent. The obtained extraction curves level out (Fig. 2) . Brunner-equations were fitted to the experimental data (Eq. (2)). Both the kinetic parameter (k) and the yield (Y) are very similar in case of the two experiments. Nearly the maximal yield among these conditions, calculated from the fitted curve (2.5 %) was achieved with 14 kg CO 2 / kg dry material (approx. after 180 minutes). To increase the yield, after this time the system was kept under pressure for 1 hour, but the amount of the obtained extract was only slightly increasing (approx. with 0.1 %)
The first, high-slope part of the extraction curve shows the apparent solubility (7.8 and 8.2 g dry oil / kg CO 2 ), which depends on the hawthorn and also on the conditions of the extraction. The second part of the curve is determined by diffusion in the solid phase, which most likely limits the rate of the extraction. The appearance of the extracts changed during the process from yellow to dark brown color with a fatty, creamy texture.
The plant residue of the supercritical fluid extraction was processed with a pilot-scale Soxhlet extractor to obtain polar compounds, such as polyphenols, antioxidants. These are believed to be important for the cardiovascular applications. The extraction yield referred to dry material is 25.9 ± 3.0 m/m% based on three replications. Totally approx. 2.1 liter hawthorn concentrate was obtained.
Determination of total bioactive content and the antioxidant capacity
Total bioactive compounds were determined in the pilotscale Soxhlet extract expressed in pyrogallol and quercetin equivalents. The contents of the plant material can be calculated with the extraction yield, obtained from the pilotscale Soxhlet experiment. As shown in Table 1 , the flavonoid activity is very low compared to the tannins. This corresponds to the fact, that flavonoids are the major component of the flowers, not of the berries [23, 24] . A comparison can be made with the experiments of Froehlicher et al. [25] . The polyphenol content of the berry in this experiment is slightly lower than in the cited paper (0.83 % / 1.28 %), while the tendency is reversed in case of the tannins (0.19 % / 0.10 %). Chang et al. [26] however measured much higher amount of total polyphenol and flavonoid content of hawthorn extract made with ethanol (17.4 ± 1.4 g gallic acid equivalent / 100 g extract and 0.88 ± 0.64 g quercetin equivalent / 100 g extract, respectively), however the yield of the extraction using sonication was lower in their case (14.7 ± 1.3 % vs. 25.9 ± 3.0 %). The antioxidant capacity is compared according to IC 50 values: lower IC 50 value means higher antioxidant capacity. Table 1 shows that 50 % inhibition was reached at 55.00 µg/ml extract concentration. This shows the extract is an efficient natural antioxidant, IC 50 value is only three times higher than that of the synthetic and chemically pure BHT used as reference.
Determination of the main compounds of the pilotscale Soxhlet extract by UPLC / QTOF-MS analysis
The obtained chromatograms were evaluated by comparing the results to literature data on the basis of previously reported compounds in hawthorn and the most commonly identified phenolic compounds in other plants. The exact m/z values for both intact compounds and fragments (MS/ MS) were taken into consideration during chemical identification. The tentatively identified compounds are listed in Table 2 .
Two phenolic acids were detected with the same mass (m/z: 353.086). These were identified as two isomers of caffeoylquinic acid. According to literature 3-O-and 5-O-caffeoylquinic acid isomers are the most common in Crataegus species, and the 3-O form has lower retention time [27] .
Besides several dimer and oligomer forms of procyanidins, monomeric form (m/z: 289.071) was detected, as well. It is assumed that catechin or epicatechin, and associated dimer (m/z: 577.135), trimer (m/z: 865.198) and tetramer (m/z: 1153.256) forms were also identified as major phenolic components. According to the literature the most abundant compounds in hawthorn berries are the B-type procyanidins [28] . At m/z of 739.170, another procyanidin was detected, considered to be dimeric procyanidin connected with one hexose group. This component has also been reported previously [29] . Flavonoids were observed in glycoside forms. Among them the most intense peak (m/z: 463.087) which was identified as quercetin 3-O-hexoside. Compound No. 11 was proposed as quercetin 3-O-galactoside (hyperoside), while compound No. 12 as quercetin 3-O-glucoside relying on the mass and the order of the retention times [29] . This corresponds to previously reported high amount of hyperoside in hawthorn berries [30, 31] . No. 13 and 14 (m/z: 447.103) were assigned as isorhamnetin O-galactoside and glucoside, respectively. Compound 13 and 14 were identified based on the MS/MS data, since more compounds with these masses were identified earlier in the berries [29] .
The goal of the chemical identification of the important polar components of the extract was not to identify novel bioactive compounds in hawthorn berries, but rather to give a qualitative characterization of the special extract prepared for the drinking experiment.
Drinking experiment
No difference was observed during the rearing period in the drinking or other behavior of the chicken. Some chickens do not reach their desired age of 42 days, however no death was observed during the early morning transportation to the slaughter house. The death rate of the chickens was studied in order to observe any difference induced by the treatment. In the treated group the death rate of the rearing was 7 % -slightly higher compared to the total death rate (5.75 %). By comparing the death rates with chisquared test using 2 × 2 contingency table, however, the difference appears to be non-significant at significance level of 0.05 (χ 0 2 = 1.84, p = 0.1747) [32] . Moreover, according to post-mortem examination the cause of death are similar in the two groups, most frequently cardiac reasons, due to the warm weather conditions in summer. Therefore, the death rate is not supposed to be affected by the treatment. 
Visual comparison of chicken breasts
Chicken breasts of both the treated and the control group were examined by a member of the Quality Control Department at the poultry processing site. The meats were classified in four roughly defined groups: no blood spots, small extent blood spots, medium-size blood spots and large extent blood spots (Fig. 3) .
Noticeable improvement was achieved regarding the size of the blood spots. The number of chicken breasts, without blood spots, increased by more than 50 %, while in the other groups, the number of the chicken breasts decreased. The difference was confirmed with statistical analysis. In our case the dependent variable can be measured on an ordinal scale, because we only know that no blood spots is better than small extent blood spots, which is better than medium-size blood spots, and so on, but numeric value cannot be assigned to each level.
Thus logistic regression was applied to investigate on the difference of the extent of the blood spots in the chicken breasts between the treated and the control group. The model is based on the logit function of the cumulative probabilities of the number of chicken breasts up to and including a given "blood spots" category [33] . The results showed that the drinking treatment significantly decreased the extent of the blood spots (p = 0.00376).
Comparing the amount of the removed meat
During the procedure those parts of the chicken breast, where the blood spots appeared were removed. Comparing the amount of this "cut off meat" is an especially important aspect, since the low value of this product cause huge financial loss for the poultry processing company. Regarding the quantities, large improvement was achieved. In case of the treated group 7.74 % of the full meat weight was removed, while in the control group this value was 21.39 %.
Comparing the weight of the chicken breast
The weight of the chicken breasts was also registered during the process. The meats (already cut in half, as a step of the procedure) were grouped in ranges of 10 -2 kilograms and the numbers of meats in each group were determined (Fig. 4) .
The weights of the chicken breasts in the treated group are in average lower than in the control group. This might be the effect of the treatment; however these lower weights are still in the optimal range. Moreover, the distribution of the weights is tighter in the treated group, which is a preference in the poultry processing technology.
The difference of the two groups in the weight of chicken breasts was verified with statistical evaluation, as well. Non-parametric Mann-Whitney test was applied, because the obtained data do not follow clearly normal distribution (especially in the treated group) (Figs. 5 and 6). Assuming the same shape of the two distributions it was proved at level of 0.05, that the medians of the weight for the two groups differed significantly (z 0 = 7.656, p < 0.000).
Conclusions
Hawthorn berry, which is a wildly grown and easily available plant of the region, has a potential in the livestock sector. The extracts of the berries have positive effects on the cardiovascular system of poultry. The amount of the removed meat decreased significantly in the experimental group. However the decreasing weight of the meat needs to be taken into consideration, as well.
The total polyphenol and tannin contents are relatively high in the berries and in the extracts, the results roughly corresponds to already reported values, however as expected in the berries according to literature the 
